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Protecting Biological Diversity: A Major
Challenge for Minnesota Forestry in the 1990s
DAYID C. ZUMETA
One of the most significant challenges to Minnesota
forestry in the 1990s will be responding to growing public
concern about relationships between forestry in Minnesota
and global and national environmental issues (e.g. , protecting
biological diversity, tropical deforestation). Influential citizens and public interest groups are asking penetrating
questions about the effects of forest management and timber
harvesting on biological diversity, and about parallels between tropical deforestation and timber harvesting in Minnesota.
This article examines some of the relationships between
Minnesota forestry and biological diversity. It also describes
what is being done, and what needs to be done, to protect
biological diversity. To set the stage for these discussions, the
article begins with a brief summary of what biological
diversity is and why it is important, along with an overview
of Minnesota's changing forests and major forest uses.
In laying the groundwork for a discussion of relationships
between Minnesota forestry and biological diversity, it is
important to clearly differentiate ecological impacts of
managed timber harvests in Minnesota or most other parts of
the United States from impacts of tropical deforestation.
There is a substantial difference between resource situations
in the United States and in developing tropical countries (1).
The United States is characterized by relatively stable land
use patterns, forests growing at rates greater than timber
harvests, and widespread professional forest land management. Developing countries in the tropics tend to be
characterized by large scale land-use conversions, timber
harvest rates that exceed growth rates, and little professional
forest land management. The ecological impacts of tropical
deforestation for agricultural or other purposes are likely to
be much greater and last much longer than the impacts of
managed timber harvests in Minnesota, where in most cases
the harvested areas continue to be managed as forest land.

What is Biological Diversity?
The following is a broad definition of biological diversity:
Biological diversity is the variety of life and its many
processes in an area. It includes all life forms , from
bacteria, protozoa, and fungi , to higher plants, insects,
fish, birds, and mammals. This could amount to as
many as 30 million different species worldwide, plus
the millions of pathways, processes, and cycles that
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link organisms into populations, communities, ecosystems, and ultimately the biosphere (2).
Considerable agreement exists on a general definition and
description for biological diversity, but there is no consensus
on priorities and approaches for its conservation at national,
regional, or local levels (2). For example, there is no national
or Minnesota state policy for cc,nservation of biological
diversity.
Most scientists agree that the world's biological diversity
is decreasing at an accelerating rate. Widespread concern
about the loss of biological diversity on the part of the
scientific community and Congress has been demonstrated
in several recent actions. In1987, the Office of Technology
Assessment produced an extensive repo1t entitled Technologies to Maintain Biological Diversity, including recommendations to Congress for action (3). In 1989, legislation (H.R.
1268) mandating the establishment of a national policy on
biological diversity was introduced in Congress with the
support of 126 co-sponsors ( 4). In 1990, the National Science
Board (the policymakirig arm of the National Science
Foundation) endorsed a wide-ranging research and education plan for countering the world-wide loss of biological
diversity.

Why is Biological Diversity Important?
What difference does it make if the earth's biological
diversity is being lost at a rapid rate? Why should we be
concerned about protecting biological diversity? The National
Science Board's report concludes:
The loss of biological diversity is important because
human existence depends on the biological resources
of the earth. Human prosperity is based very largely on
the ability to utilize biological diversity: to take advantage
of the properties of plants, animals, fungi, and microorganisms for food , clothing, medicine, and shelter (5) .
In addition, human beings are fundamentally dependent on
a variety of ecosystem services such as soil production,
nutrient cycling, waste disposal, and air and water quality
maintenance. Natural resources (plants, animals, minerals)
are basic sources of current and potential industrial materials
and energy. Maintaining a diversity of life forms for study
also has tremendous educational and research value. Human
life is immensely enriched aesthetically and spiritually by the
diverse life forms that share the planet. Finally, many people
contend that biological diversity should be protected for the
sake of the life forms themselves.
These reasons for protecting biological diversity apply to
forests and forest-dependent industries as well as to other
Journal of the Minnesota Academy o f Science

ecosystems and other industries. The Minnesota forest
products industry, for example, depends on the continuing
viability of a number of commercially valuable tree species.
Loss or reduction in range or quality of any of these species
would affect the industry adversely. Minnesota's outdoor
recreation and tourism industry depends on the scenic
beauty of forests, the plants and animals that live in forests,
and the water and air quality that forests help maintain as
major attractants for visitors. At a more basic level, both the
forest products and tourism industries depend on the
ecosystem services mentioned above, and could not continue
in their current form if forests did not provide these services.

Minnesota's Changing Forests:
An Ecological Perspective
When considering the relationships between forestry and
biological diversity, it is important to take what University of
Wisconsin botanist Forest Steams has called the "long view
of forest histo1y" (6):
We visualize forests as stable communities reproducing themselves in place centu1y after century, but this
is not necessarily so. Over the past several thousand
years, species composition has changed-partially as
a result of the influx of additional species, and partially
in response to major climatic fluctuations .... Boreal
forest (the upland spruce/ fir complex) occupied large
areas of the Lake States only a few thousand years ago.
Remnants remain. Pine forests were once more extensive
than they were at the time of European settlement. The
mesic hardwood and oak forests also experienced
many changes in composition and extent. ... Fluctuation
in post-glacial climate has greatly influenced the vegetation.
Minnesota 's forests have adapted to climate changes and
other disturbances for millennia, and continue to adapt to
changing conditions.
In presettlement times over 60 percent of Minnesota 's land
base was under forest cover of some type (Figure 1) (7). By
1987, forest land was estimated to comprise only 31 percent
of the state's land area, down from 33 percent in 1977 (8).
Major changes have taken place in the composition as well
as the extent of Minnesota's forests . Virtually all of the
presettlement stands of red and white pine forest were
eliminated by lumbering, and subsequent land-clearing and
slash-fires destroyed chances for pine regeneration (9). Most
of the pine forest was replaced by stands of aspen and birch,
which together comprised over 45 percent of the state's total
forest land area in 1977 (10). Jack pine forest, which
increased in extent across Minnesota following the early
logging of the red and white pine forest, is becoming less
common due to natural succession and conversion to other
land uses and other forest types. In 1977 jack, red, and white
pine accounted for only 7 percent of Minnesota's total forest
land area, compared to 18 percent in presettlement times. By
1977 the white spruce/ Balsam fir type also made up only 7
percent of the total forest land area, a considerable reduction
from the 20 percent this type comprised prior to settlement.
Minnesota's maple-basswood and northern hardwood forests have been greatly reduced in extent by agricultural
development, urban growth, and forest management practices. These types (combined as maple/ basswood on Figure
1) accounted for 8 percent of Minnesota 's total forest land
area in 1977. The oak woodland and brushland community,
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which covered almost 10 percent of the state in presettlement
times, has been reduced in size and greatly altered by
agricultural activities and fire suppression. In 1977, the oak/
hickory forest type made up 6 percent of Minnesota's total
forest acreage. Northwestern Minnesota's aspen parkland
also has been reduced in extent and changed considerably
by agricultural clearing and fire control.
While reduced in extent since presettlement times, several
other forest types retain similar geographic distributions and
have remained relatively intact. The black spruce, tamarack,
and white-cedar types made up over 20 percent of the state's
total forest land area in 1977, compared with 19 percent prior
to settlement. The elm-ash-cottonwood type, which occupies river floodplains throughout much of the state, accounted
for 6 percent of the total forest land area in 1977 and in
presettlement times.
Despite the reduction and alteration of forest habitats, the
vast majority of plants and animals found in Minnesota's
forests at the time of European settlement still occur in the
state (9). The populations of most forest-dependent plant
and animal species have been reduced, however, and a few
have been eliminated. One species, the passenger pigeon, is
extinct; two others, the swallow-tailed kite and woodland
caribou, have been extirpated as breeding species from
Minnesota; 16 have been officially classified as state endangered; and 12 have been classified as threatened (Table
1) (11). In addition, 78 species that are associated with forest
habitats have been classified as special concern, that is,
species that are extremely uncommon in Minnesota or have
unique or highly specific habitat requirements and deserve
careful monitoring of their status.

Current and Projected Forest Uses

Outdoor Recreation
Minnesota's forests support a wide array of uses. With over
half the state's forest land in public ownership, forest lands
are heavily used for outdoor recreation and tourism activities
and have a major impact on the state and local economy (12).
In 1988, outdoor recreation generated more than $1.8 billion
in economic activity and involved 57,000 full- and part-time
jobs (13). Most of this activity occurs in forested regions of
the state, and is largely dependent on the aesthetic values
and fish and wildlife habitat provided by the forest and
associated lakes and rivers.
In 1985, 50 percent of the time state residents spent
pursuing outdoor recreational activities was devoted to
either walking/hiking, biking, fishing, or driving (14). These
four activities often are carried out in or adjacent to forested
areas. By the year 2000, these activities are projected to
account for 60 percent of Minnesotans' outdoor recreational
time. Between 1985 and 2000, most of the activities often
carried out in or adjacent to forest land are projected to
increase by 10 percent or more (e.g., walking/hiking, nature
study, sightseeing, fishing, driving, and camping).
Water-related recreational activities (e.g., fishing, camping, swimming, boating, and canoeing) accounted for over
80 percent of the activities pursued by nonresidents in 1985,
and are projected to remain at least as important in 2000. The
most common destinations of nonresidents are areas with
water in Minnesota's northern forests , namely the Boundary
Waters Canoe Area and northern, north-central, and westcentral lake regions.
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Aspen/Scrub Oak 2.9

Aspen/Birch/Oak/Maple/Basswood 8.4
~----

Ash/Elm/Cottonwood 2.0

White-Red-Jack Pine 5.8

Non-forest 19.5
White Spruce/Fir 6.3

TOTAL FOREST= 31.5
Black Spruce/Cedar/Tamarack 6.1

Presettlement

*

1977
TOTAL FOREST= 16.7

Oak/Hickory 1.0
Maple/Basswood 1.3
Non-forest 34.0

Jack-Red-White Pine 1.1
White Spruce/Fir 1.1
Black Spruce/Cedar/ 3.4
Tamarack
Non-stocked 0.2

•Presettlement refers to cover types recorded immediately
prior to settlement, based on original Public Land Survey,
1847-1907.

Source: Cunningham, et.al. (1940) (7)
and Jakes (1980) (10).

Figure 1. Percent of Minnesota Land Occupied by Major Forest Types in Presettlernent Times and in 1977 (Millions of Acres)
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Table 1. State Endangered and Threatened Animal and Plant
Species in Minnesota That Depend on Forest Habitats.
Status/Species
Endangered
Five-lined skink
Uncas skipper
Kitten-tails
Wild petunia
Bog bluegrass
Dwarf trout lily
Glade mallow
Golden-seal
Reniform sullivantia*
Golden saxifrage*
Leedy's roseroot*
A species of lichen**
Braun 's holly fern
Chilean sweet cicely
Ram's head lady's slipper
Bog adder-mouth orchid
Threatened
Loggerhead shrike
Bald eagle
Gray wolf
Blanding's turtle
Wood turtle
Karner blue
Illinois tick-trefoil
Davis' sedge
Jointed sedge
Twinleaf
Wild onion
A species of lichen***

Brushlands Hardwood Northern
and Parklands
Forests
Forests

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X

X
X

X
X

X
X
X
X
X
X
X

* Restricted to cool, moist, shaded rock cliffs within hardwood forests .
** Pseudocyphellaria crocata
*** Lobaria quercizans
Source: Pfannmuller and Coffin (1989) (11 ).

Forest Products
Minnesota's forests play a major role in supporting the
state's forest products industry, both by directly supplying
raw material and by providing an attractive environment for
industry employees and customers. Minnesota's forest industry
employs more than 55,000 people directly and in allied
industries (15). Although the forest industry plays a major
role in the economy of northern Minnesota, about 31,000 of
the state's forestry-related jobs are in the Twin Cities Metropolitan Area (13).
Minnesota's wood products manufacturing facilities can
be characterized as primary (those that produce products
directly from raw wood materials) and secondary (those that
further process raw wood materials into other goods) . The
value of shipments of Minnesota's secondary wood products
manufacturing is more than twice that of primary wood
products manufacturing (15). Pulp and printing grade paper
account for slightly over two-thirds of the receipts from
primary forest products. Composite board, lumber, logs,
fuelwood , and specialty products comprise most of the
remainder. Secondary products include window and door
frames , cabinets, furniture , and a variety of other products.
Over 95 perce nt of tl1e wood used in primary manufacturing
and less than half the wood used in secondary manufacturing is harvested from Minnesota forests (16). The rest is
imported from otl1er states or nations.
Volume 56, Number 1, 1991

Since the 1970s, technological changes and expanding
markets have dramatically increased the value of wood
products produced in the state, making forest products the
second largest manufacturing industry in Minnesota (13).
The state's 1,750 wood products manufacturers currently
generate almost $5 billion in product value (15). Forest
industry expansion resulted in a 33 percent increase in
timber harvested from Minnesota's commercial forest land
between 1979 and 1988, to a total of 3.2 million cords (Figure
2) (17) . If all forest industry expansions that either are
planned or are under construction go into production at full
capacity, the timber harvest from commercial forest land will
expand to 4.9 million cords by 1995, an increase of 53
percent since 1988. Most of the new and expanding forest
industry plants are paper mills, which use primarily aspen.

Relationships Between Biological Diversity and
Minnesota Forestry
In the view of many ecologists, traditional forestry practices such as planting single species stands, timber stand
improvement, and clearcutting have reduced biological
diversity. Many foresters disagree . But the ecologists and
foresters often are talking past each other, since they tend to
view diversity at different scales. The ecologist may be
concerned about genetic diversity, species diversity or local,
regional or global ecosystem diversity. Field foresters tend to
be most familiar with and concerned about species diversity
and local ecosystem diversity. Thus, to the forester, a series
of clearcuts in an area of unbroken forest that increase edge
habitat and attract a variety of wildlife species that formerly
did not occur in the area can increase diversity. If the
unbroken forest is an increasingly scarce ecosystem in the
state or region, however, the ecologist is likely to view these
same clearcuts with alarm, since they may reduce habitat for
species that are rare on a statewide or regional basis. Thus,
when discussing biological diversity, it is critical to clearly
define the kind of diversity and spatial scale being considered.
The definition of biological diversity cited earlier indicated
there may be as many as 30 million species worldwide, plus
the millions of pathways, processes, and cycles that link
organisms into populations, communities, ecosystems, and
ultimately, the biosphere (2). While the number of species
known to occur in Minnesota numbers in the thousands
rather than the millions, and only some of these species
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Figure 2. Total Wood Harvest in Minnesota (from Commercial
Forest Land)
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occur in forested habitats, it is a daunting challenge to
maintain the biological diversity of Minnesota's forest land.
Basic knowledge regarding the distribution of many lower
plants and insects, and even of some higher plants and
vertebrates, is nonexistent or deficient. Reliable knowledge
about population trends, specific habitat needs, and appropriate management techniques is available for only a
small fraction of the higher plants and vertebrates that
depend on forests. Knowledge about the genetic diversity
and the myriad "pathways, processes, and cycles" cited
above is even more deficient.
To further complicate the task, most of the state's private
and public forest landowners do not have a specific mandate
to conserve biological diversity. Of the principal federal
forest landowners, only the U.S. Forest Service's National
Forest System has a congressionally-mandated goal to provide
for diversity of plant and animal communities to meet
multiple-use objectives (2). One other public forest landowner, the Department of Natural Resources (DNR), has a
similar legislative mandate. The DNR is required by law to
manage the forest resources of state forest lands according
to the principles of multiple use and sustained yield (18).
Forest resources include, among other things, "fish and
wildlife habitat" and "rare and distinctive flora and fauna. "
Sustained yield is defined as "the principle of forest management for the achievement and maintenance in perpetuity
of a high-level annual or regular periodic output of forest
resources without impairment of the productivity of the
land." So at least a general mandate for protecting biological
diversity on state-administered forest lands can be inferred.
Lands administered by the DNR Division of Forestry or the
U .S. Forest Service account for less than two-fifths of the
state's total forest land (10). Other private and public forest
landowners have a wide array of objectives, ranging from
total protection of biological diversity to no consideration of
it.
Biological diversity is one of many concerns that federal
and state forestry agencies must take into account in their
land management and planning. Thus it is not surprising that
there have been a growing number of challenges to the
adequacy of federal and state forestry agencies' efforts to
protect biological diversity. As of 1988, there were six
appeals on four National Forests in the Lake States relating
to biological diversity, and 70 appeals on 35 National Forests
nationwide that dealt in some way with the subject (19).
Biological diversity has been an increasingly significant issue
in each of eight statewide and substate forest plans completed by the DNR Division of Forestry since 1983. Concerns
about biological diversity also are beginning to affect county
land management. Issues directly related to biological diversity, including old growth forests, endangered and
threatened species, and nongame wildlife, were addressed
in a recent settlement agreement relating to the new MacMillanBloedel parallel strandboard plant in Deerwood between
several environmental groups, the DNR, the Pollution Control Agency, Aitkin, Cass, and Crow Wing Counties, and
Cuyuna Range Economic Development, Inc.
Citizen concerns about potential effects of forest industry
expansion and associated timber harvesting on biological
diversity and other components of the environment helped
convince the Minnesota Environmental Quality Board (EQB)
to unanimously order an unprecedented statewide Generic
Environmental Impact Statement (GEIS) on timber harvesting in December 1989 (20). In March 1990, the EQB
convened a 10 member advisory committee representing
28

diverse interests to help determine the study's scope. To
obtain public comments on the issues and alternatives being
considered for analysis in the GEIS, the EQB issued a draft
"scoping document" in July 1990 (21). One of ten major
issues included in the scoping document was the effect of
forest management and harvesting on plant and animal
diversity in forest ecosystems. Of 82 public comments
received by the EQB at three public meetings in July and
August, about one-quarter related in some way to biological
diversity. Given the expanding public and media interest in
biological diversity and related issues, and the fundamental
importance of biological diversity to the economic wellbeing of both the forest products and tourism industries, it
seems likely that protecting biological diversity will become
a major concern of the Minnesota forestry community in the
1990s.

What Is Being Done to Protect Biological
Diversity?
Current efforts to protect the biological diversity of
Minnesota's forest ecosystems fall into four categories:
public land ownership, Scientific and Natural Areas, research
and inventories, and forest management and planning.

Public Land Ownership
First and perhaps most important, Minnesota is unique
among states east of the Rockies in that fully 60 percent of
its total forestland area is in public ownership (Figure 3) (10).
Public forest land is much less likely to be converted to nonforest than private forest land, so a measure of protection is
afforded by so much of the forest land being public. Seven
percent of the total forest land (1.2 million acres) is classified
as "productive-reserved"-i.e., forest land withdrawn from
commercial timber use through statute or administrative
regulation (e .g., the BWCA Wilderness, Voyageurs National
Park, state parks, Scientific and Natural Areas). A small
percentage of this land is used intensively for recreation, but
most of it provides an important reservoir of biological
diversity. Another 11 percent of the total forest land (1.8
million acres) is classified as "unproductive"-forest land
incapable of yielding wood in sufficient quantity for industrial
use because of adverse site conditions. Almost two-thirds of
the unproductive forest land supports either black spruce or
tamarack, forest types that are located mainly in the vast peat
bogs of northwestern Minnesota. Over 83 percent of the
unproductive forest land (1.5 million acres) is in public
ownership. These lands receive relatively little use or
disturbance, and probably include the most intact forest
ecosystems in the state.

Scientific and Natural Areas
The DNR's Scientific and Natural Areas (SNA) program
was established to protect and maintain critical habitat for
endangered species and communities through a state system
of natural areas. Over the past 20 years the SNA program has
protected a number of natural areas on forest land. As of
August 1990, the natural area system included 65 sites
encompassing about 17,000 acres (22). Over half of this
acreage is in some type of forest cover. In many cases,
however, the entire forest community is not of prime quality,
smce protecting a given community was incidental to
protecting one or more rare species. The long range goal of
the SNA program is to protect several occurrences of each
habitat type that supports rare and endangered plant and
Journal of the Minnesota Academy of Science

animal species or community types within each of Minnesota's
18 landscape regions. With the exception of southeastern
Minnesota mesic black-soil prairie, which occurs in isolated
fragments of 6 to 30 acres, the SNA program has not achieved
this goal in any landscape region.

Research and Inventories
Substantial efforts are being made to improve our knowledge about the biological diversity of Minnesota's forests.
Since the late 1970s, the DNR's Natural Heritage and Nongame
Wildlife Programs have been conducting field inventories
and research on the numbers, condition, and distribution of
Minnesota's rare plants, animals, and natural communities.
An extensive database documenting these occurrences is
maintained by the programs and used for environmental
review and protection planning. In 1987, field inventories
were accelerated with the inception of the Minnesota County
Biological Survey. This detailed county-by-county inventory
of rare plants, animals, and communities is both adding to
the database and improving planning and management
decisions. While initial survey efforts have focused on
agricultural or rapidly developing Metro counties, inventories of many of the state's forested counties will be conducted
in the 1990s.
Various research studies supplement basic inventory
efforts. For example, an analysis of 1978-1987 data from the
U.S . and Canadian wildlife services' Breeding Bird Survey

(BBS) indicated that 75 percent of the migratory forest
songbirds that winter in the tropics and breed in eastern
North America showed negative population trends (23) . A
potentially significant study, Effects of Changes in the Forest
Ecosystem on the Biodiversity of Minnesota's Northern
Forest Birds, recently was recommended for funding by the
Legislative Commission on Minnesota Resources. This study
will analyze and supplement BBS data to help determine the
degree to which forest songbird populations are declining in
northern Minnesota, the causes of population declines,
critical habitat requirements for various species, and appropriate forest management recommendations.
The U.S. Forest Service has indicated in its most recent
long-term strategic plan that it will refocus its research
programs to develop basic knowledge and technology to
conserve the nation's biological diversity (2). The North
Central Forest Experiment Station recently established a
biodiversity research project in Rhinelander, Wisconsin. The
project, entitled Principles of Landscape Ecology for Managing Temperate Forests, is conducting research aimed at
developing a better understanding of relationships between
biological diversity and the landscape patterns created by
human activities and natural processes, and of basic ecological factors related to maintaining viable plant and animal
populations (24). One major cooperative research initiative
involves assessing the role of the St. Croix River Valley in
maintaining and enhancing regional biological diversity.

COUNTY AND
MUNICIPAL AGENCIES

NATIONAL FOREST

STATE OF MINNESOTA

22%

OTHER FEDERAL
FOREST INDUSTRY

FARMER

MISC. PRIVATE

Note: Totals may not add due to rounding

PUBLICLY OWNED
Source: Jakes (1980) (10).

D

PRIVATELYOWNED

Figure 3. Distribution of Total Forest Land by Ownership Class in Minnesota 0977)
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Forest Management and Planning
The forestry community is increasing the amount of
attention it pays to biological diversity in forestry research
and forest land management and planning. Over the past
several years, the U.S. Forest Service has facilitated a series
of regional and national biodiversity workshops . The Upper
Great Lakes Biodiversity Committee was formed in 1989 to
explore resource management options that conserve biological diversity and to increase the Lake States fo_restry
community's understanding of the issues involved. Diverse
interests from Minnesota , Wisconsin, and Michigan are
included on this committee, including the Minnesota DNR.
In its most recent long-term strategic plan, the U.S. Forest
Service has indicated it will manage habitats and human
activities in the National Forest System (including the Superior
and Chippewa National Forests) in ways that contribute to
sustaining viable populations of all native and desired
nonnative plant and animal species throughout their geographic ranges (2). This includes high-priority attention to
the conservation and recovery of Federally listed threatened
and endangered species and ensuring stability of species that
are identified as sensitive by the Forest Service.
The DNR Division of Forestry's 1987 Minnesota Forest
Resources Plan indicates that one of the Division's primary
goals is to preserve biological diversity (25). Means . of
achieving this goal include identifying and designating
Scientific and Natural Areas through regional planning, and
retaining a diversity of forest community types as part of
forest management activities. Since 1980 the DNR has been
managing its forest lands in accordance with the Wildlife/
Forestry Coordination Policy and associated Forestry-Wildlife
Guidelines to Habitat Management. The guidelines include
sections on special area habitat management and special
species habitat management. Particular emphasis is placed
on selected non-game species or species groups and their
habitat. The guidelines need to be updated to reflect recent
research on area sensitive and forest interior species. DNR
task forces have developed or are actively developing
policies on Old Growth Forest, Old Forest, and Endangered
Species that will supplement the guidelines and help protect
biological diversity on DNR-administered lands.
Some county land management agencies are actively
managing their lands to protect biological diversity. In Cass
County, for example, the county's wildlife biologist works
with foresters to ensure that special protection for rare and
endangered plant and animal species is incorporated into all
timber sales (26) .

Recommendations
Efforts to protect the biological diversity of Minnesota 's
forests require increased attention in four areas: inventory,
research, protection, and legislation. Within each of these
areas, improved information exchange with practicing forest
managers should receive high priority. This will help ensure
that field foresters are aware of and are using the latest
management techniques in appropriate ways, and that
inventory, research, and protection efforts are practical and
applicable to field conditions. For example, researchers
attempting to modify silvicultural practices to protect biological diversity would benefit from the knowledge of field
foresters, who in turn would benefit by learning first hand
about research results.
Before outlining specific recommendations, a few comments about the need for a broad perspective are in order.
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In attempting to protect the biological diversity of Minnesota's
forests , it is important to consider both the ecological and
economic relationships between our forests and those of
other states and nations. For example, population declines
in migratory forest songbirds may be due to habitat chan?es
on their Minnesota breeding grounds, along tl1elf nugration
routes on their tropical wintering grounds, or a combination
of the~e and other factors . Analyses of Breeding Bird Survey
data indicate that recent declines are primarily restricted to
species that are concentrated in Central An1erican and oth~r
tropical forests during the winter, even those that nest m
early successional habitats during the summer (27). Longterm population surveys and habitat relationship studies on
both the Minnesota breeding grounds and Central An1encan
wintering grounds are needed to verify the importance of
various factors. The point is that credible forest land-use
policy recommendations cannot be made based on what is
happening in Minnesota alone, since in some cases many of
the critical changes may be occurring in other states and
nations.
A second example relates to the large amount of raw
materials that Minnesota imports to support the state's
manufacturing industries and standard of living. Like the
United States as a whole, Minnesota is a net importer of raw
materials such as metals, plastics, ceramics, cement, reinforced
fiber, and wood (28). As mentioned earlier, over half of the
wood used by Minnesota's secondary forest products
manufacturing industries is imported from other states and
nations. If Minnesota's demand for forest products continues
to increase, but well-intentioned efforts to protect the state's
biological diversity result in local wood production levels
that fall short of the demand, two outcomes are likely: 1)
substitution of non-wood materials for wood in manufacturing
processes, with potential changes in energy consumption,
land disturbance, and waste disposal patterns; and 2)
transfer of environmental impacts of raw material gathering
and processing to other states and nations, most of which
have less stringent environmental controls in place than
Minnesota (28). The only other possibilities are to decrease
demand by reducing personal consumption of forest products
without using other products to replace them, or to increase
supply by increasing re-use and recycling of forest products.
Both of these possibilities are limited. For example, a recent
Society of An1erican Foresters study report estimates that the
potential for new and additional use of secondary fiber by
existing Minnesota paper and wood product mills is only five
percent of current production capa city (29). Once again, the
point is that credible forest land-use policy decisions should
consider ecological and economic relationships beyond our
state and national borders, even if these relationships are
difficult to assess. Otherwise, protecting biological diversity
in Minnesota could result in adverse effects on biological
diversity in other more vulnerable parts of the nation and
world.

Inventory
As recommended by the Governor's Blue Ribbon Commission on Forestry and Forest Products, it is absolutely
essential that the Cooperative Forest Inventory be funded on
a 10 year cycle rather than the current 15 year cycle, and that
the County Biological Survey be accelerated to cover all
counties of the state before opportunities to protect undisturbed natural environments are lost 03). These two inventories provide basic information for monitoring the extent
and condition of Minnesota's forests , and the rare plants,
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animals, and communities that depend on the forests. Given
the potential threat to forest ecosystems posed by global
climate change, acid deposition, and other airborne pollutants,
the value of these inventories may well increase in the future.
The Blue Ribbon Commission also recommended that
adequate resources be provided to enable the Cooperative
Forest Inventory program to collect non-timber forest resource data and integrate it into the statewide forest inventory process. Particular emphasis should be placed on
collecting information on rare plant communities as part of
forest inventory efforts, and ensuring that data from the
various inventory efforts are compatible and shared between
data bases. To routinely protect endangered resources in
forest land-use and management decisions, it is imperative
that data from the County Biological Survey be readily
accessible to public forest managers, local planners, and
private forest landowners.

Research
Inventories need to be supplemented by basic and applied research on the biological diversity of Minnesota's
forest ecosystems and the species that comprise them. This
includes research at the genetic, species, and ecosystem
levels. At the species level, for example, factors that limit the
abilities of populations to exist must be identified and
techniques to mitigate these limiting factors developed (30).
Recommendations in this paper will focus on the ecoystem
level, since Minnesota's extensive public forest land base
provides unique opportunities to explore ways to protect
biodiversity at this level.
Given the increased demands that will be placed on the
state's forests for timber, recreation, and other uses in
coming decades, accelerated applied forest management
research aimed at maintaining or enhancing diversity while
increasing timber production and recreational uses is urgently needed. The "New Forestry" concepts espoused by
Dr. Jerry Franklin and his colleagues in the Pacific Northwest
may prove helpful in this regard (31). The "New Forestry"
focuses on maintaining complex ecosystems, not only on
producing wood and regenerating trees. Franklin and his
colleagues contend this can be done using techniques such
as expanding clearcut size, leaving selected dominant green
trees during harvests, and retaining large woody debris on
harvest sites. These concepts currently are influencing
National Forest System management, especially in the Pacific
Northwest. They should be tested in different forest types on
Minnesota ownerships as well.
In making decisions about biodiversity-related forestry
research funding, priority should be given to those studies
that seek "common ground" between economic development
and environmental protection. For example, many ecologists
are calling for maintaining tl1e integrity of large, intact forest
ecosystems, thereby protecting biological diversity (32, 33).
The state's forest products industry and broader forestry
community have a long-term interest in maintaining
Minnesota's forest land base, as shown by the Blue Ribbon
Commission's recommendation that the state should adopt
a policy of no net loss of commercial forest land (13). The
forest products industry will play a critical role in determining both the extent and condition of Minnesota's forests in
coming decades. A study investigating tl1e potential role of
the state's forest products indust1y in maintaining biological
diversity would be an excellent candidate for funding.
Staged clearcuts on sizeable adjacent tracts of intensively
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managed industry lands may provide unique opportunities
to meet the ecological needs of certain area-sensitive plant
and animal species while maintaining high timber production levels.

Protection
Creating nature preserves is an essential component of
any strategy for protecting biological diversity. The state
should continue to designate Scientific and Natural Areas in
accordance with established plans, and accelerate their
designation through the regional forest planning process.
These areas comprise well under one one-thousandth of
Minnesota's total forest land, and much of the forest land
they include is non-commercial. Therefore, designating
these areas can hardly be considered a significant threat to
the commercial forest land base.
Recent research indicates, however, that small nature
preserves are not likely to maintain their entire complement
of forest-dependent plant and animal species over the long
term (34). Species with narrow habitat requirements or large
home ranges are especially vulnerable, but other species
also may be extirpated from small preserves by catastrophic
disturbances (e.g., wildfire, disease epidemics, windthrow)
or other natural fluctuations. Thus it would seem appropriate
to explore options for maintaining extensive contiguous
forest cover (50,000-100,000 acres) in the vicinity of selected,
high quality core natural areas or clusters of natural areas
(e.g., Itasca State Park; North Shore highlands).
Maintaining areas of contiguous forest cover would not
mean that forest land outside core preserves, parks, or other
protected areas would be unavailable for management or
timber production. Rather, to assure their continued use as
forest land, these areas should be managed to produce
income for the private or public landowners. Commercial
timber harvesting is critical to achieving this goal on almost
all private and most public land. Forest management and
harvest practices that ensure maintenance of the forest
ecosystem at the landscape level could be encouraged in
these areas through experimental management of public
forest lands and targeted private forest management assistance programs.
Special tax incentives, financial incentives, and management assistance could be provided to private forest landowners
within these designated areas to maintain their land in forest
cover and modify standard forest management practices by
retaining a minimum number of standing live trees on
harvest sites, minimizing the amount of edge resulting from
harvesting operations, leaving large woody debris on harvest sites, and maintaining or increasing tree species diversity
on their land. Public landowners could apply similar practices on public land, except on a larger scale. Experimental
management practices requiring large acreages could be
carried out (e.g. , increasing clearcut size or conducting a
series of adjacent clearcuts to provide extensive forest stands
for area sensitive species). Land management planning
would need to be coordinated closely between the public
landowners.

Legislation
Because forest ecosystems are both dynamic and interactive, it is important that recommendations to protect their
biological diversity consider non-forest ecosystems as well.
This is particularly true with respect to legislative protection.
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Various Minnesota Statutes address important components
of maintaining biological diversity (e.g. , M.S. 84.0895 Protection of Threatened and Endangered Species; M.S. 84.943-944
Critical Natural Habitat; M.S. 84.95 Reinvest in Minnesota
Resources Fund; M.S. 84.96 Native Prairie Bank; MS. 84.961963 Prairie Land Management; parts of M.S. 86A Outdoor
Recreation System; M.S. 89.001-002 State Forests, Definitions
and Policies; and parts of M.S. 97A Game and Fish Laws, M.S.
97B Hunting, and M.S. 97C Fishing). At present, however,
the State of Minnesota has no comprehensive legislation
relating to biological diversity.
Given increasing concern about protecting biological
diversity on the part of both the scientific community and the
public, the legislature should conduct a careful analysis of
the degree to which existing statutes protect Minnesota's
biological diversity. If significant gaps in statutory protection
for some ecosystems, land ownership classes, or agencies
are identified, serious consideration should be given to
passing comprehensive biological diversity legislation outlining a standard definition, policy, and implementation
procedures that would apply to all state agency activities,
including all state and county land management agencies . To
be effective, it is important that the statewide policy and
implementation procedures be applied to as many ownerships as possible.

Conclusion
Protecting biological diversity is likely to emerge as a
major issue for the Minnesota forestry community in the
1990s. Given the fundamental importance of biological
diversity to Minnesota's people and forest-based industries,
it is highly appropriate for the state's forestry community to
take a proactive approach in addressing this issue. Minnesota is fortunate to have an extensive public land base that
provides a basic level of protection. The DNR's Scientific and
Natural Areas, Natural Heritage, and Nongame Wildlife
programs, diverse inventories and research projects, and,
increasingly, public forest management and planning share
the goal of protecting the state's biological diversity. Additional inventory, research, protection, and possibly legislative initiatives are needed to improve our chances of
achieving this goal. Minnesota's forestry community is in a
key position to help carry out these initiatives.
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